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Assistant Commissioner for Patents JAN 2 7 2003 

BOX AF 

Washington D.C. ' 2023 1 TECHNOLOGY CENTER 2800 

Dear Sir: 

The Office Action mailed November 25, 2002 has been received and reviewed. The two- 
month date for response was January 25, 2003. iAs January 25, 2003 was a Saturday, in 
accordance with 37 CFR §L7, the two-month response date was extended to Monday January 
27,2003. 

No claims have been amended or cancelled. Claims 27-44 are pending. Reconsideration 
and withdrawal of the rejections are respectfully requested. 

/ 

The 35 U.S.C. 8102 Rej ection 

The Examiner rejected claims 27-35 under 35 U,S.C. § 1 02(b) as being anticipated by 
Matsubara et al. (U.S. Patent No. 5,122,923). 

Applicants traverse this rejection and submit that claims 27-35 arc not anticipated by 
Matsubara et al. because such document does not teach each and every element of claim$ 27-35. 
For a claim to be anticipated under 35 U.S,C, § 102(b), each and every element of the claim must 
be found in a single prior art reference. See MP.E.P. §2131. 
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The Examiner has essentially repeated the rejection of cl^tms 27-35 in the Office Action 
dated June 1 8, 2002. In response. Applicants respectfully repeat the arguments presented in their 
response to the June 1 8, 2002 Office Acti^ filed on September 1 8, 2002. Applicants repeat 
those arguments below for the convenience of the Examiner, Applicants also provide additional 
support for the arguments presented in the instant response in the way of a declaration presented 
by the Applicants, Brain A. Vaartstra and Eugene Marsh, as discussed below. 

As discussed in Applicants' response filed &ejrtember 18, 2002, independent claims 27 
and 32 recite a chemical vapor codeposited diffusion barrier layer. In contrast to claims 27 and 
32, Matsubara et aL recites a thin-film capacitor with a silicon substrate, an insulating silicon 
oxide layer, a lower electrode, a dielectric layer of BaTi0 3 and an upper electrode of ^aluminum 
layer stacked insequence from bottom to top (CoL 3, lines 42-47). The lower electrode layer is 
formed by a DC magnetron sputteringtechnique using a target of sintered^Ru or RuSi 2 (CoL 3, 
lines 53-56). 

Matsubata^et aL fails to teach a semiconductor device structure that includes a chemical 
vapor codeposited diffusion barrier layer of RuSlfover at least a portion of a surface. In ojher 
words, Matsubara et aL describes a sputtered RuSi 2 electrod^teyer and-fc6t ifcheniical vajj^fr 
codeposited diffusion barrier Jayer^ 

A chemical vapor deposited diffusion banker layer according to the present invention is 
different than a sputtered layer such as described by Matsubara et aL For example, a sputtered 
layer, particularly with respect to high aspect ratio structures, provides different coverage 
thereon when compared to a chemical vapor deposited layer. For example, a sputtered layer at 
the edge of a contact hole tends to be particularly thick, reducing the opening of the holes 
disproportionately or, for example, sputtered material may ndt reach the bottom of the contact 
holes. > 

In contrast, a chemical vapor deposited film provides a highly conformal layer within 
deep contacts and other openings such as for lower electrodes of storage cell capacitors. See 
Specification, page 9, lines 15-17. These highly confom^al layers relative to high aspect ratio 
structures are g9nerally not possible with sputtering. Thus, the structures recited in claims 27- 
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35, including chemical vapor codeposited layers, are physically, structurally, and pateotably 
distinct from those recited in Matsubara et ah 

In support of this position, Applicants include with the instant response a "Declaration 
Under 37 C.F JL §1.132" signed by the inventors that states, in part, that there are structural 
differences between a sputter coated diffusion bairier layer and a chemical vapor deposited 
diffusion barrier layer. These differences include, but are not limited to, different layer coverage 
on surfaces having complex geometries. For example, as discussed herein, sputter coating a 
contact hole having a high aspect ratio would typically result in a disproportionately thicker 
layer of material developing around the opening of the hole as compared to the other surfaces 
surrounding or within the hole. As a result, the sputter coated diffusion barrier layer may be 
unable to completely coat the walls and/or the bottom of the contact hole. This would leave 
regions of the contact hole either not coated or inadequately coated 

In contrast, chemical vapor deposited diffusion barrier layers provide highly conformal 
and uniform layer coverage on surfaces. This is especially true with respect to surfaces having 
complex geometries. As such, chemical vapor deposited diffusion hairier layers are more 
conformal and uniform on surfaces having complex geometries (e.g., contact holes) than a 
sputter coated diffusion bairier layer. 

Additionally, structural differences between a sputter coated diffusion barrier layer and a 
chemical vapor deposited diffusion barrier layer also include differences in the resulting film and 
substrate qualities. For example, sputter coated diffusion bairier layers can have a high pinhole 
count as compared to chemical vapor deposited diffusion barrier layers. Also, there is limited 
stress control possible with sputter coated diffusion barrier layers as compared to chemical vapor 
deposited diffusion barrier layers. 

In addition, an underlying substrate to a sputter coated diffusion bairier layer may have 
surface damage. This surface damage caused by the sputter coating technique may include 
implantation of metal into the underlying substrate. For example, ruthenium can be implanted 
into a silicon substrate surface during the sputter coating of RuSi^ The implanted ruthenium can 
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then diffuse into the silicon substrate. In addition, silicon can be implanted into platinum 
surfaces during sputter coating of RuSi^ where the silicon can diffuse into the platinum 
containing substrate. Either example of diffusion into the underlying substrate provides a 
structural difference between a sputter coated diffusion barrier layer and a chemical vapor 
deposited diffusion barrier layer. 

As such, sputter coated diffusion barrier layers and chemical vapor deposited diffusion 
barrier layers have different structures. These differences are such that if a chemical vapor 
deposited diffusion barrier layer and a sputter coated diffusion barrier layer were analyzed by 
one skilled in the art they would be able to identify the diffusion barrier layer as either being a 
; sputter coated diffusion barrier layer or a diffusion barrier layer having been deposited by a 
different technique (e.g., chemical vapor deposited diffusion barrier layer). 

The Examiner alleges that the term "chemical vapor deposited" recites "a method of 
forming and does not deviate from the structure of a diffusion barrier made of RuSi x . h As a 
result, the Examiner gives no patentable weight to such term. Applicants traverse this allegation. 

Applicants submit that the terra "chemical vapor deposited" (which has been amended to 
recite "chemical vapor codeposited") is not a "product by process" limitation because the term 
describes the structure of the barrier layer. See Hazani v. U.S. Infl Trade Comm., 44 U.Si\Q.2d 
1358, 1363 (Fed. Cir. 2000) (holding that the limitation "chemically engraved" is not a product- 
by-process limitation). As stated above, a chemical vapor codeposited layer is different than a 
sputtered layer such as described by Matsubara et ah For example, a chemical vapor 
codeposited layer may be more conformal than a sputtered layer, especially when considering 
deep contacts and other openings. Further, a CVD codeposited layer may exhibit a more 
uniform distribution of ruthenium and silicide throughout the layer than a layer formed by 
sputtering or silicidation. Therefore, those skilled in the art would appreciate the structural 
differences between a chemical vapor codeposited layer and a sputtered layer. The words of a 
claim must be read as they would be interpreted by those of ordinary skill in the art See In re 
Sneed, 218 U.S.P.Q. 385 (Fed. Cir. 1 983). Because those skilled in the art would appreciate that 
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a chemical vapor deposited diffusion barrier layer is structurally different than a sputtered layer, 
the term M chemical vapor codeposited M is to be given patentable weight in the pending claims. 

Claims 28-31 and 33-35, which depend, either directly or ultimately, from either claim 
27 or 32, are not anticipated by Matsubara et al. for the same reasons as presented above for 
claims 27 and 32. In addition, claims 28-31 and 33-35 each provide additional elements that 
further support patentability when combined with claims 27 and 32. 

For at least the above reasons, Applicants submit that claims 27-35 are not anticipated by 
Mat$ubara et al. Reconsideration and withdrawal of this rejection are, therefore, respectfully 
requested. 

The Examiner also rejected claims 27-28, 30-33, and 36-44 under 35 tLS.C. § ] 02(b) as 
being anticipated by Kuroiwa et al. (U.S. Patent No. 6,239,460), 

Applicants traverse this rejection and submit that claims 27-28 7 30-33, and 36-44 are not 
anticipated by Kuroiwa et al. because such document does not teach each and every element of 
claims 27-28, 30-33, and 36-44. 

The Examiner has essentially repeated the rejection of claims 27-28, 30-33, and 36-44 in 
the Office Action dated June 1 8, 2002. In response, Applicants respectfully repeat the 
arguments presented in their response to the June 1 8, 2002 Office Action filed on September 1 8, 
2002. Applicants repeat those arguments below for the convenience of the Examiner, 
Applicants also provide additional support for the arguments presented in the instant response in 
the way of the "Declaration Under 37 C.F.R. §1.132" presented by the Applicants, Brain A. 
Vaartstra and Eugene Marsh, as discussed above. 

For example, claims 27 and 32 each recite a chemical vapor codeposited diffusion barrier 
layer that is formed of RuSi,, where x is in the range of about 0.01 to about 10. In contrast to 
claims 27 and 32, Kuroiwa et al. teaches a capacitor that includes a metal electrode 130 
deposited on the top surface of a plug 111. See Kuroiwa et al,, column 12, lines 26-29. In the 
embodiment of Kuroiwa et al. relied upon by the Examiner, a ruthenium silicide layer is formed 
by either sputtering or chemical vapor depositing a ruthenium layer on an already formed silicon 
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plug 111. See Kuroiwa et al., column 12, lines 35-36 and column 13, lines 7-18. Then a quick 
heat treatment is performed so that a portion of the metal electrode 130 is formed into a 
ruthenium silicide layer 132. This teaching of Kuroiwa et al. is in direct contrast to that 
described in amended claims 27 and 32 where the RuSi x is codeposited, i.e., the RuSi* is 
deposited by CVD using a ruthenium precursor and a silicon precursor. 

One skilled in the art would understand that a codeposited RuSt x layer exhibits many 
differences over a ruthenium silicide layer formed by silicidation as taught by Kuroiwa et aL For 
example, a CVD codeposited RuSi^ layer may include a more uniform distribution of silicon 
throughout the layer, whereas a silicidated ruthenium silicide layer may exhibit a gradient of 
silicon content from the ruthenium/silicon interface to the opposite surface of the ruthenium 
layer. Further, a silicidated ruthenium silicide layer may include uneven island formations of 
silicide instead of a more uniform RuSi x formed by CVD codeposition. 

Further, for example, claim 36 recites an interconnect thai includes a chemical vapor 
deposited diffusion barrier layer. An interconnect may include, for example, conductive layers 
in contact holes, vias, etc. See Specification, page 1, lines 13-14. In contrast to claim 36, the 
embodiment of Kuroiwa et al. relied upon by the Examiner teaches a capacitor structure. See, 
e.g., Office Action, page 2 ("Regarding claims 32, 33 and 36-44, Kuroiwa shows {see, for 
example, FIG. 10) a capacitor structure comprising metal electrode (first electrode) 130, 
capacitor dielectric 1 15 and upper electrode (second electrode) 1 1 6."). In other words, Kuroiwa 
et al. does not teach an interconnect that includes a chemical vapor deposited diffusion barrier 
layer. 

Claims 28, 30-31, 33, and 37-44 each depend, either directly or ultimately, from one of 
claims 27, 32, and 36. As such, claims 28, 30-31, 33, and 37-44 are not anticipated by Kuroiwa 
et al. for the same reasons as presented above for claims 27, 32, and 36. In addition, claims 28, 
30-31,33, and 37-44 each recite additional elements that further support patentability when 
combined with claims 27, 32, and 36. 
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For at least the above reasons, Applicants submit that claims 27-28, 30-33, and 36-44 are 
not anticipated by Kuroiwa et ah Reconsideration and withdrawal of this rejection are, therefore, 
respectfiiJIy requested. 

The Examiner also asserted that "[sjputtering and chemical vapor codepositing are two 
different methods used to form a same structure, in this case, a layer of RuSi x ." Applicants 
respectfully traverse this assertion. In response, Applicants have included a "Declaration Under 
37 CFJR. §1.132" from inventors Brain A. Vaartstra and Eugene P. Marsh with the present 
response. In the "Declaration Under 37 §L132 M , the inventors state that there are 

significant structural differences between a sputter coated diffusion barrier layer and a chemical 
vapor deposited diffusion barrier layer. These differences are such that if a chemical vapor 
deposited diffusion barrier layer and a sputter coated diffusion baixier layer were analyzed by 
one skilled in the art they would be able to identify the diffusion barrier layer as either being a 
sputter coated diffusion barrier layer or a diffusion barrier layer having been deposited by a 
different technique (e.g., chemical vapor deposited diffusion barrier layer). 
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Summary 

It is respectfully submitted that the pending claims 27-44 are in condition for allowance 
and notification to that effect is respectfully requested. The Examiner is invited to contact 
Applicants' Representatives, at the below-listed telephone number, if it is believed that 
prosecution of this application may be assisted thereby. 



Respectfully submitted for 
Micron Technology, Inc. 
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